Malaria is re-emerging because of imported cases and the presence of potential vectors that can transmit and spread malaria. Malaria is a health problem in Banyumas District. Mapping the spread of infectious diseases is epidemiologically important. The purpose of this study was to determine the relationship between the variables and the epidemiology of malaria that were spatially modeled using the geographic information system (GIS).
INTRODUCTION
Each year Indonesia's 230 million people collectively suffer at least several million cases of malaria caused by all four known species of human Plasmodium. (1) Eastern Indonesia faces the challenges of providing adequate and equitable health services to a largely remote, rural population. Health in the Eastern Indonesian province of Nusa Tenggara Timur (NTT) is generally poor, with high incidence of malaria, high infant mortality rate (54/1000, compared with 44/1000 nationally), and child malnutrition averaging 39% and reaching 50% in some areas. (2) One of the malaria-endemic areas in Indonesia is Central Java Province. The malaria morbidity rate (Anual Parasite Index=API) was 0.1 ‰ in 2011. The number of malaria positive patients in 2010 was 3,300, increasing to 3,467 people in 2011. In the year 2011, the case fatality rate for malaria was 0.12%. (3) Banyumas is one of the malaria endemic districts in Central Java Province. According to data from the malaria control program at Banyumas District Health Office, an increase in malaria positive patients occurred from 2007 till 2010. In 2010, the highest number of people with malaria was 623 cases. In 2011, 423 of the 1,278 clinical malaria cases were found to be malaria positive. (3) The number of malaria positive patients is the highest in the region, especially at the WatuagungVillage Health Center Tambak I with 146 cases. The second largest number of patients was in the Bogangin and Banjar Penepen Village Health Center Sumpiuh II comprising 117 people. In 2010 an outbreak of malaria occurred in Banyumas, in Ketanda Village (14 malaria positive patients), Sumpyuh sub-district, and in Watuagung Village (30 malaria positive patients), Tambak subdistrict. Based on laboratory tests it is known that the most abundant species is Plasmodium falcifarum.
Several studies have shown that malaria infection is influenced by environmental factors such as temperature, rainfall, humidity, elevation, and factors related to demography. Specifically, temperature and rainfall act as limiting factors on the development of Anopheles mosquitoes which are the intermediate hosts in the transmission of malaria parasites. (4) Transmission dynamics of malaria does not recognize administrative boundaries. The increasing mobility of people from one area to another increases due to advancement and ease of transportation. This increases the risk of malaria transmission due to displacement of the population employed in agriculture, plantations and mining. Individuals working in the forest are at risk of malaria, especially if staying in the forest at night, as found in studies conducted in Central Vietnam by Thanh et al. (5) This is supported by the results of research conducted in Central Vietnam by Thang et al. (6) stating that work in the forest and the home environment are risk factors for the incidence of malaria. Risk factors for malaria in Indonesia, among others, are the geography, gender, education and employment. (7) Mapping the spread of infectious disease is epidemiologically important. Spatial analysis is useful to determine the pattern of distribution of the disease, the high risk areas, the source of disease transmission and disease risk factors in terms of areal, making efforts to control the disease and interrupting the transmission chain, so that the later can be done properly. The geographic information system (GIS) is a technology to store, manipulate, analyze, and display geographically referenced information. Outside of healthcare, it has been shown to be valuable in a wide range of situations, such as urban planning, environmental resource management, emergency planning, and transportation forecasting. (8) The use of geographic information systems with spatial statistical techniques is useful for measuring the magnitude of the risk of malaria incidence and identify the environmental factors that influence the re-emergence of malaria disease risk factors, so that public health planning should be focused on the maximum spatial cluster region. (9) Control management based on regional spatial data is one of the essential ways to control the disease, especially if backed up by data and epidemiological investigation of outbreaks.
The purpose of this study was to determine the relationship between risk variables and the epidemiology of malaria in Banyumas that is spatially modeled using the GIS.
METHODS

Research design
This study was an observational analytic study using case-control design with a ratio of 1: 1. Research was carried out within 6 months (May to October 2014) and located at the Banyumas, Kemranjen, Sumpyuh and Tambak Health Centers, Banyumas District.
Research subjects
The population in this study comprised all Banyumas residents who had positive malaria by microscopic examination, with the results recorded in the register of Banyumas District Health Office in 2012. The control group were people living in the same district who did not have malaria, as diagnosed by microscopic examination (and recorded in the register of Banyumas District Health Office). Exclusion criteria were positive malaria cases who at the time of the study had died or moved outside the study area.
The sample size was determined based on a 0.05 significance level and power of 80%, with the proportion in the control group being 0.5 and an odds ratio (OR) of 2 obtained, giving a minimum sample size of 139 per group, so that in this study the total sample size was 282 people. (10) The study was conducted in all regions of the sub-districts of Banyumas with cases of malaria, especially Tambak, Sumpyuh, Kemranjen and Banyumas Health Center, because in 2012 the regions had the highest malaria positive case rates in Banyumas. Outbreaks of malaria in 2010 also occurred in this region. All of the malaria positive cases in 2012 were included in the group of cases and controls matched by age and sex.
Data collection
Data were collected by interview, using a questionnaire comprising items on level of income, use of mosquito nets, wire netting, mosquito repellents, habit of going out at night, history of malarial illness, the location of cattle sheds, a history of travel to endemic areas, distance of residences (settlements) to plantations, bushes, swamps and puddles.
Geographic information system
The geographic information system is a kind of software that can be utilized for the importation, storage, manipulation, and presentation of geographic information products and their attributes. Geographic information system is software that serves to collect, store, display and connect spatial data about a geographical phenomenon to be analyzed and the results are communicated to the user as a basis for decision making. The coordinates of the respondents' homes were determined using GPS Garmin eTrex 10.
Spatial analysis
Spatial modeling was performed using computer assistance and mapping software. Buffer analysis of the incidence of malaria in Banyumas in 2012 was used to determine the environmental buffer zone, the suspected breeding sites of the malaria vectors, and the mosquito flying distance to a live subject with positive malaria. The analysis of the environmental buffer zone included rivers, forests, rainfed fields, irrigated fields, plantations, pastures, fields and bushes. Through a spatial query mechanism, a spatial element was taken in the form of a line 1000 m from the environmental buffer, which then generated new spatial elements such as polygons that cover the environmental buffer. Based on the scope of the polygon, the number of subjects with positive malaria within the scope of the polygon buffer is counted.
Mean center analysis was used to determine the geographic center (central case) of malaria in Banyumas in 2012. From an analysis using GIS software the mean center was obtained. The center was obtained from the mean values of x and y that are calculated to obtain the centroid point of malaria cases in Banyumas. The projection of the point data is used to measure distances accurately. The mean center value of the x and y point was derived from the calculation of the mean values of x and y and then the X and Y coordinates were stored. Central points used are the mean centers, and dispersion refers to the spread of the mean centers bounded by polygons. Fields surrounding the polygon centroid were determined based on the distance calculated by using the weighted average of the center of all malaria positive subjects.
Nearest neighbor analysis is an approach to look at the pattern of spread of malaria cases in Banyumas 2012. The calculated Average Nearest Neighbor (ANN) score is used to determine the pattern of malaria incidence in Banyumas 2012. ANN can be calculated using the formula: ANN= Ï O / Ï E. ÏO : observed mean distance between each feature and their nearest neighbor, ÏE : expected mean distance for the features given a random pattern.
However, in practice ANN values are calculated using GIS software. ANN values are inferred based on the value of the expected mean distance, and is represented by: (1) . ANN = 1 indicating the occurrence of a random pattern, (2) . ANN <1 indicating the incidence of crowding (clustered), (3) . ANN >1 indicating the incident spread (dispersed).
Regarding the incidence of malaria in Banyumas in 2012, there were 140 subjects with positive malaria, therefore m = 140. Because the area of Banyumas is 1327.60 km 2 , the value of A = 1327.60. The distance between each occurrence is calculated using the Euclidean distance. ANN values are calculated using GIS software.
To determine the presence of a spatial pattern, tests of significance were used: (i). H0: there is no spatial pattern of malaria cases in Banyumas in 2012, Há: there is a spatial pattern of malaria cases in Banyumas in 2012, (ii). Significance level : á, (iii). Critical area H0 is rejected if Z score > Z á/2 = 2.58 Z score < -Z á/2 = -2.58.
The standard deviational ellips (SDE) is used to analyze trends and patterns of dispersion of malaria cases. Standard deviation ellips is a summary of central tendency and dispersion in two dimensions, as well as a directional trend. There are two points that are used as the basis for the distribution of point locations on SDE. They are central tendency and dispersion. Central tendency uses the center of the mean and dispersion refers to the spread of the mean center bounded by the ellipse. Standard deviational ellipse models can be used to gain a better understanding of the geographical aspects of the phenomenon and identify the cause of an event, based on specific geographic patterns. (11) 
Data analysis
An odds ratio was used to examine the relationship berween variables, with significant variables being included into a model for multiple logistic regression.
Ethical clearance
This study was approved by the Commission on Health Research Ethics, Medical School, Jenderal Soedirman University (Unsoed) with Ref no: 100/IEC/VII/2014.
RESULTS
The analysis using GIS software found a Z score of -11.17. Because Z score = -11 17 <-2.58 we rejected H0. It can be concluded that there is a spatial pattern of malaria cases in Banyumas in 2012. Because the expected mean distance = 0.44 < 1 it can be concluded that the pattern of malaria incidence in Banyumas in 2012 is clustered.
The confirmed participation rate of 141 malaria cases from 214 (65.9%), is sufficient to represent the study and 34.1% of the confirmed cases was not able to participate in this research because the case had died or moved away with no known address. Most species of mosquitoes captured in the four endemic villages are of the genus Culex spp totalling 106 individuals (44.7%) in both indoor and outdoor captures. Species of the genus Anopheles were quite diverse, from the most common type, namely An. vagus (36.3%), An. barbirostris (7.2%), An. kochi (4.6%), An. maculatus (4.2%) and An. aconitus (1.3%). An. aconitus, An. maculatus and An. balabacensis are most commonly found in Watuagung village.
Regarding the characteristics of the respondents, in the group of cases of confirmed malaria, 53.2% were male, 73.8% were aged 15-60 years, 54.6% less educated, 84.4% income < regional minimum wage (RGW) and 47.5% were farmers. Results of bivariate analysis showed statistically significant differences (p<0.001) between the independent variables and the dependent variable (incidence of confirmed malaria) in Banyumas as presented in Table 1 . The independent variables were: income < minimum wage, not using mosquito nets, not using wire netting, not using mosquito repellents, habit of going out at night, history of malaria, cattle sheds not located between woods and residential area, history of going to endemic areas, residence at distances < 1000 m from plantations, bushes, swamps and puddles.
Results of multivariable analysis showed three independent variables that have the highest precision, i.e. location <1000 m from puddles, not using mosquito nets and not using insect repellent, and are associated with a statistically significant incidence of confirmed malaria cases as presented in Table 2 . Table 1 . Relationship between independent variables and incidence of confirmed malaria OR : Odds ratio; ** Cannot be calculated because the cell value = 0; RMW : regional minimum wage Table 2 . Multivariate logistic regression of selected independent variables with incidence of confirmed malaria RMW : regional minimum wage From the results of the spatial analysis based on the analysis of average nearest neighbor distance, it is known that the distribution of malaria incidence in Banyumas in 2012 was clustered, with Z score = -17.74 SD and p-value <0.001 as presented in Figure 1 .
From the results of the analysis of cases the buffer was found for 141 (100%) of cases to be in the area <1000 meters from plantations as presented in Figure 2 .
Results of analysis of the SDE in Banyumas showed the axis to be oriented in the Northwest-Southeast direction. From the corresponding elliptical area on the map can be predicted the possibility of a subsequent spread of malaria upon the presence of risk factors and the absence of supportive intervention services/health workers as shown in Figure 3 .
DISCUSSION
According to Erhart et al. (12) the risk of malaria infection was higher in men than in women because of the influence of gender and their behavior. In developing countries, an activity that involves the movement of people, including workers in the plantation colonies, increases the risk of malaria transmission. Regarding characteristics of respondents in the cases of confirmed malaria, 47.5% were clove farmers, rubber farmers, and coconut tree farmers (locally called penderes,i.e. tappers of the sap of coconut inflorescences to be made into brown sugar). The species An. aconitus, An. maculatus and An. balabacensis were most commonly found in Watuagung village. The habitats of An. maculatus are in open hilly areas and mountains where forests have been cleared and is located in the hilly areas of forest. (13) The breeding sites of An. maculatus are puddles that get sunlight, various types of ponds, lakes, marshes, along the banks of slow-flowing streams, ditches and rice fields near the hills. (14) In the confirmed malaria case group, 84.4% had an income <RMW. According to Dale et al. (15) low income affects fulfillment of living needs, including adequate housing for the residents, health care, and nutritious foods. The malaria risk is increased 2.5 times in people living in houses with shoddy construction (cannot protect occupants from mosquito bites). Not using mosquito nets at night increases the risk of malaria cases and is in accordance with Lozano et al. (16) The use of mosquito nets at night can prevent mosquito bites and to enhance the protection, the recommended type of mosquito nets are nets that have been impregnated with the insecticide permethrin. (17) The use of insecticide-treated nets proved to be able to protect humans from the bite of mosquitoes / malaria vectors. (18, 19) Not using wire netting will increase the risk of suffering from malaria 10.55 times and these results are consistent with the research of Kuswanto, (20) who conducted research on malaria risk factors in Banyumas in 2005. Those not using insect repellent are at 6.46-fold increased risk to suffer from malaria. Our study results were in accordance with the results of the study of Kuswanto. (20) Our results shows that the habit of going out at night increases the risk of suffering from malaria 4-5 times. Activities outside the home until late at night in an area with exophilic and exophagic malaria vectors increases the risk of malaria infection. Malaria transmission is highly dependent on the habits of Anopheles mosquitoes and the intensity of malaria transmission is associated with the frequency of a person's activity in areas that allow exposure to the bite of the Anopheles mosquito containing sporozoites. History of travel to endemic areas increases the risk of malaria 8.5 times. Mobility or migration plays a role in moving all ecotypes of malaria, and the spread of new strains with anti-malarial drug resistance, increasing the transmission of malaria from one place to another. Mobility to endemic areas results in an increase in the cases of imported malaria.
The presence of plantations is significantly associated with malaria incidence. Changes in the balance of the forest ecosystem as a result of the clearing of forests for residential land, plantations, and agriculture contributes greatly to increased malaria transmission and epidemics. (21) The presence of shrubs <1000 m is statistically significantly associated with the incidence of malaria. During the rainy season the presence of Anopheles habitats not associated with shrubs but positively correlated with the presence of agricultural land, grassland, and shrubs in agricultural areas is a risk factor for malaria incidence. Poor irrigation systems allow the growth of shrubs that could potentially be a breeding ground for Anopheles. Approximately 75.2% of the cases are in the area <1000 m of water pools and statistically significantly associated with the incidence of malaria. The results of the study show that residents who live near stagnant water (<1000 m) had 2.1 times the risk of malaria infection because stagnant water is where Anopheles sp. multiply. The closer the vector breeding sites are to the residential population, the greater the risk of malaria incidence. (22) The analysis of SDE in Banyumas showed the axis to be oriented in the Northwest-Southeast direction. From the corresponding elliptical area on the map, it can be predicted that the possibility of the spread of malaria is in that direction if it is supported by the presence of risk factors and the absence of intervention from the health department. After the implementation of the planned malaria control programs the malaria cases in Banyumas continued to decline from 2012 to 2013, the number of cases decreasing from 214 to 40 cases.
The results showed that the variables: level of income <RMW, not using mosquito nets, not using wire gauze, not using insect repellent, habit of going out at night, history of malaria illness, cattle sheds not located between plantations and settlements, a history of travel to endemic areas, distance to the plantations, shrubs, swamps and stagnant water <1000 m, are associated with the incidence of malaria. Results of multivariable analysis showed that level of income <RMW, not using mosquito nets, habit of going out at night, not using insect repellent, history of travel to endemic areas, location of plantations and water pools <1000m from residential buildings, are associated with the incidence of malaria in the malaria districts.The incidence of malaria in Banyumas in 2012 was clustered, with mean and median centers located in the Sumpyuh District. Malaria in the buffer area in Banyumas in 2012 occurred near the plantations with <1000 m radius.
Limitations of this study are that biological factors (e.g. existence, type, density and mapping of mosquito vectors) and environmental factors (e.g. temperature, humidity, and weather) that influence the incidence of malaria were not examined in this study. A shortcoming of the analytic-observational study with case-control approach is recall bias, since exposure risk factors have already occurred and to obtain information about these risk factors the investigators must rely solely on the memory of respondents. Selection bias occurs because of the selection of cases based solely on traffic data of patients who went to health services (health centers and hospitals). Controls were selected from surrounding communities among those who did not suffer malaria cases and came from one village, making them less representative of the actual population of controls. Regarding measurement of the coordinates of the respondents using GPS who live around the forest, it is quite difficult to get an accuracy of under 10 meters, so that the investigators had to use a measurement accuracy of under 20 m.
For further research, it is necessary to conduct research related to the causes of malaria (Plasmodium sp.), especially on behavioral aspects, vector bionomics and migration in Banyumas.
CONCLUSIONS
The incidence of malaria in Banyumas is clustered and buffers around plantations that are located <1000 m from residential buildings. Malaria hot spots are displayed as risk maps that are useful for monitoring and spatial targeting of prevention and control measures against the disease.
